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Introduction

It has been reported that cofiring coal with municipal solid waste has the potential to suppress the
formation of polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)."” The
primary suppression mechanism is believed to be the effect of sulfur (S) in the coal, converting the major
chlorinator Cl, into HCI, which does not as readily form chlorinated hydrocarbons."* In this study, the
characteristics of PCDD/DF formation in the incineration of artificial solid wastes (ASW) with high-sulfur
coal (HSC) or low-sulfur coal (LSC) was examined using a laboratory-scale fluidized-bed incinerator. The
results suggest that S in ASW indeed inhibits PCDD/DF generation, although the presence of substances such
as Fe and Na in ASW counteract the effect. The correlation between PCDD/DF, CO and total hydrocarbons
(THC) emission in the combustion of ASW with higher coal contents is also investigated.

Experimental Method
Figure 1 is a schematic of the laboratory-scale experimental incinerator used in the experiments. This

incinerator was designed so as to allow factors such as the air ratio and temperature to be varied independently.
The primary combustor was made of quartz with an internal diameter of 74 mm and a height of 1100 mm.
The secondary combustor was a high-alumina tube with an internal diameter of 100 mm and a height of 2000
mm. The temperature of the combustors was controlled using an electric heater, maintained at 800 °C and 900
°C, respectively. The flow rates of primary and secondary air were set to be identical and the total excess air
ratio was kept at A = 2.0. The feed rate of ASW was about 11g/min. Flue gas was cooled by passage through
a gas cooling section. The cooling section had an intemal diameter of 83 mm and a length of 3000 mm, and
was maintained at 300 °C using a water cooler and electric heater. The concentrations of O,, CO and NOX in

the flue gas were continuously monitored at location S5. PCDD/DF and gas sampling was conducted over 2
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hours at location S3. O,, CO, and NOx concentrations were measured using a zirconia, non-dispersive
infrared (NDIR), and chemiluminescence gas analyzer, respectively (Horiba PG-250). The methane
equivalent total hydrocarbons (THC) was using a flame ionization detector (FID) (Horiba MEXA-1110FRF).

The main components used for the base ASW were paper powder (45%), wood powder (20%), flour
(15%), and PE powder (20%). In order to restrict the Cl content to as low as possible, unbleached paper, pine
wood, salt-free flour and virgin resin PE were chosen as the components. To adjust the Cl contents, PVC or
NaCl were added to the base ASW, and the ratio of S and fixed carbon was adjuéted by adding HSC or LSC.
The properties and elementary composition of the base ASW and ASW1 ~ ASW6 are given in Table 1.

Results and Discussion

The relationship between SOy and PCDD/DF emiissions for the incineration of base ASW and ASW1 ~
ASWG6 is shown in Fig, 2. The effect of the addition of PVC and NaCl, indicated by the solid symbols in the
figure, is insignificant as a result of the relatively higher air ratio of combustion. The effects of the air ratio on
PCDD/DF generation are reported elsewhere as part of this symposium.” The combined effects of the
addition of coal and a Cl source, on the other hand, are complicated. The combustion of ASW4 and ASW5
produces 300 ~ 350 ng/m’ PCDD/DF. These ASWs contain HSC and a fair amount of Fe, as shown in Table

* and is likely to promote the production of Cl, through a

1. Fe has a catalytic effect for dioxin formation
reaction similar to the Deacon process.” According to X-ray diffraction (XRD) analysis, Fe exists as
CaFe;AlQ, in the HSC. As LSC contains less Fe, the combustion of ASW6, which includes LSC, results in
almost the same level of PCDD/DF generation as for base ASW. Therefore, the difference in PCDD/DF
concentration for the same level of SOx concentration (Fig. 2) is attributable to the effect of Fe. Although
ASW3 contains much higher amounts of HSC than ASWS5, PCDD/DF emission in the incineration of ASW3
is lower than for ASW5. This appears to be directly attributable to the suppressing effect of S; S converts Cl,
into HCI, which is less likely to form chlorinated hydrocarbons, by the following reaction:
SO, + Cl + HyO — SO; + 2HCI

This reaction takes place in the gas phase and the suppressant is SO, and not solid compounds of sulfur.
Therefore, the variation in PCDD/DF concentration with SOx concentration in Fig. 2 is due to SO,. ASW4,
having the same HSC content as ASW3, exhibits the same PCDD/DF levels as ASWS5 because the Na in
ASW4 forms stable compounds with S and prevents the generation of SO,, as shown in Fig. 3. Therefore,
sulfur has the potential to suppress PCDD/DF generation, however the effect is limited by the presence of
substances such as Fe and Na.

Figures 4 and 5 show the relationships between PCDD/DF and CO, and PCDD/DF and THC, for the
incineration of ASW1 and ASW6 with 4% PVC under various excess air ratios. In the case of ASW1 (solid
symbols), good correlations for PCDD/DF-CO and PCDD/DF-THC are observed. For ASW6, however, the
CO concentration remains elevated despite maintaining the good correlation for PCDD/DF-THC. Figure 6
shows the histories of the O,, CO and THC concentrations for the incineration of ASW1 at A = 1.7 and

ASW6 at A = 2.0. These two test produced the same average CO concentrations. From the figure, the
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combustion of ASW6 at A = 2.0 yields neither peak of CO nor THC, and the formation of PCDD/DF is
consequently inhibited, as shown in Fig. 2. The effects of heterogeneities, which are thought to be responsible
for peaks, on PCDD/DF formation are reported elsewhere as part of this symposium.”
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